It is well established that plasma llpoproteins enter the artery wall and play a role in the atherogenic process. However, it is still unclear where within developing atherosclerotic lesions lipoproteins accumulate and which arterial cells participate in the metabolism of these lipoproteins. For this reason, light and electron microscopic autoradiograms were prepared from sections of lesioned aortas of Watanabe heritable hyperlipidemic (WHHL) rabbits 44 hours after injection of U5 I-tyramine cellobioselow density lipoprotein (TC-LDL). After uptake of l2i I-TC-LDL and intracellular degradation of the LDL protein, the nondegradable TC ligand remains trapped and thus demarcates the cells participating in the degradation of LDL. Results of other studies indicate that 48 hours after injection into WHHL rabbits, about one half of the I25 I label present in lesions represents accumulated degradation products while the remaining '"I label is present as intact '"I-TC-LDL. The distribution of autoradiographic silver grains was analyzed at low resolution in fatty streaks, transitional lesions, and advanced atheroma. In all cases, the majority of silver grains were associated with superficially located subendothelial macrophage-derived foam cells. In more advanced lesions, labeling was predominant in foam cells situated within the lateral margins of the lesions. Morphometric quantification of the distribution of silver grains in electron photomicrographs of fatty streaks from two young WHHL rabbits strongly supported the data obtained at the light microscopic level. In early fatty streaks from the aortic arch and the thoracic and abdominal aortas, subendothelial macrophage-derived foam cells contained a high proportion of the silver grains (40-60% of the total) and accounted for between 30% and 40% of the lesion volume. In contrast, smooth muscle cells in the lesions contained only 7-10% of the total silver grains and accounted for approximately 20% of the lesion volume. Endothelial cells contained the most silver grains on a per-unit-volume basis by occupying only 1-2% of the lesion volume. However, the endothelium contained <5% of the total grains in lesions. The remaining silver grains (25-45%) were associated with the extracellular matrix, which constituted between 40% and 50% of the lesion volume. These data indicate that in the WHHL rabbit, subendothelial macrophage-derived foam cells avidly accumulate and metabolize LDL despite having few functional LDL receptors. ( Studies of LDL uptake into the artery wall of normal rabbits using conventionally labeled LDL probes have established that LDL receptor-mediated transport plays a minor role in regulating the initial rates of entry of LDL into the artery wall.
It is well established that plasma llpoproteins enter the artery wall and play a role in the atherogenic process. However, it is still unclear where within developing atherosclerotic lesions lipoproteins accumulate and which arterial cells participate in the metabolism of these lipoproteins. For this reason, light and electron microscopic autoradiograms were prepared from sections of lesioned aortas of Watanabe heritable hyperlipidemic (WHHL) rabbits 44 hours after injection of U5 I-tyramine cellobioselow density lipoprotein (TC-LDL). After uptake of l2i I-TC-LDL and intracellular degradation of the LDL protein, the nondegradable TC ligand remains trapped and thus demarcates the cells participating in the degradation of LDL. Results of other studies indicate that 48 hours after injection into WHHL rabbits, about one half of the I25 I label present in lesions represents accumulated degradation products while the remaining '"I label is present as intact '"I-TC-LDL. The distribution of autoradiographic silver grains was analyzed at low resolution in fatty streaks, transitional lesions, and advanced atheroma. In all cases, the majority of silver grains were associated with superficially located subendothelial macrophage-derived foam cells. In more advanced lesions, labeling was predominant in foam cells situated within the lateral margins of the lesions. Morphometric quantification of the distribution of silver grains in electron photomicrographs of fatty streaks from two young WHHL rabbits strongly supported the data obtained at the light microscopic level. In early fatty streaks from the aortic arch and the thoracic and abdominal aortas, subendothelial macrophage-derived foam cells contained a high proportion of the silver grains (40-60% of the total) and accounted for between 30% and 40% of the lesion volume. In contrast, smooth muscle cells in the lesions contained only 7-10% of the total silver grains and accounted for approximately 20% of the lesion volume. Endothelial cells contained the most silver grains on a per-unit-volume basis by occupying only 1-2% of the lesion volume. However, the endothelium contained <5% of the total grains in lesions. The remaining silver grains (25-45%) were associated with the extracellular matrix, which constituted between 40% and 50% of the lesion volume. These data indicate that in the WHHL rabbit, subendothelial macrophage-derived foam cells avidly accumulate and metabolize LDL despite having few functional LDL receptors. here is now ample epidemiological and experimental evidence establishing a causative relation between high plasma levels of low density lipoproteins (LDLs) and the development of atherosclerosis. 1 -3 It is also well established that most of the cholesterol that accumulates in cells or is deposited in the extracellular matrix of atherosclerotic lesions originates from plasma lipoproteins.
Studies of LDL uptake into the artery wall of normal rabbits using conventionally labeled LDL probes have established that LDL receptor-mediated transport plays a minor role in regulating the initial rates of entry of LDL into the artery wall. 5 However, studies using conventionally labeled probes cannot differentiate between the amount of intact LDL trapped within the artery and the amount taken up and subsequently degraded by cells. To answer questions concerning the metabolic fate of LDL entering the artery wall under steady-state conditions, Pittman et al 6 developed a "trapped ligand" method for the study of tissue LDL metabolism. Initially, this method used [ u C]sucrose covalentry coupled to LDL. Unfortunately, because the uptake of LDL into arteries is very slow and because the specific activity obtainable with 14 C is limited, it was impossible to study cellular metabolism of LDL using the sucrose probe. For this reason, a second trapped ligand was developed that contained 125 I and that used tyramine cellobiose (TC) as the trapped ligand.
The present study takes advantage of the increased sensitivity of the TC-LDL technique to study, at the light and electron microscopic (EM) levels, the uptake and distribution of LDL within atherosclerotic lesions of the Watanabe heritable hyperlipidemic (WHHL) rabbit, an animal model of familial hypercholesterolemia. 3 By generating EM autoradiograms and using computer image analysis, we have obtained quantitative morphometric data on the percentage of the administered LDL distributed within cellular and extracellular compartments and have determined, for the first time, which cell types are most efficient at accumulating and degrading LDL within atherosclerotic lesions of the WHHL rabbit.
Methods

Administration of the Labeled LDL
WHHL rabbits were obtained from the breeding colonies at the University of California, San Diego, and the University of Washington. Nine rabbits (five female, four male) between 2 months and 3.5 years of age were used in this study. Plasma cholesterol levels at the time the rabbits were killed ranged between 440 and 850 mg/dl. All rabbits were injected with approximately 3 mCi 125 I-TC-LDL via the marginal ear vein. The TC-LDL was prepared according to the method of Pittman and Taylor. 8 Blood samples were taken from the central ear artery at varying intervals over a 44-hour period to monitor plasma decay after administration of the label. Fractional catabolic rates for LDL calculated from plasma 125 I activity ranged from 0.017 to 0.028 hr" 1 , similar to values obtained in other studies. 910 All animal protocols were approved by the Animal Subjects Committee of the University of California, San Diego.
After the 44-hour incubation with the TC-LDL, the rabbits were anesthetized with ketamine (5 mg/kg body wt) and xylazine (30 mg/kg body wt) administered intramuscularly. For the animals used in the EM morphometric analysis, the vascular tree was perfused first with saline until the perfusate was clear and then fixed under physiological pressure for 30 minutes with 3.5% paraformaldehyde plus 0.25% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4). For the remaining animals, the vascular tree was perfused as previously described. 11 Immediately after perfusion, the entire aorta was removed and cleaned of all adventitial fat and fascia, and 1-cm segments were cut from the aortic arch at the level of the brachiocephalic bifurcation, the thoracic aorta just distal to the second or third intercostal arteries, and the abdominal aorta distal to the celiac bifurcation.
Tissue Preparation
The 1-cm segments of artery were further divided into approximately 3-mm-wide rings and prepared as follows. One third of the rings were snap-frozen in OCT compound (Miles Laboratories) with isopentane in liquid nitrogen for subsequent light microscopic immunocytochemistry while one third of the rings were dehydrated through ethanol and propylene oxide and embedded in Araldite for postembedding EM immunocytochemical staining with cell type-specific antibodies. The remaining tissue was treated with osmium tetroxide (1% OsO 4 ) for 2 hours, and then dehydrated and embedded in Araldite and used for the EM autoradiography. One-micron sections were cut from all of the plastic blocks and stained with methylene blue to prescreen the sections for the presence of atherosclerotic lesions.
Immunocytochemistry and Autoradiography
Serial 5-8-/xm sections were cut from the frozen arterial segments and immunostained with the rabbit macrophage-specific monoclonal antibody RAM-11, as previously described 12 (RAM-11 was a generous gift of Dr. Allen Gown of the University of Washington). All immunostaining was done using a peroxidase-antiperoxidase technique (Vector Labs, Burlingame, Calif.) and diaminobenzidine as the chromogen. Controls for the immunocytochemical staining included both nonimmune sera and irrelevant antibodies of the same class.
Serial 1-^im sections of the osmium-treated, Aralditeembedded tissue were dipped in autoradiographic emulsion (Kodak NTB-2 diluted 50:50 with distilled water) and placed in light-tight boxes. The sections were incubated at 4°C for 2-4 weeks. Control sections were generated from other WHHL rabbit arteries that had not received any labeled LDL. These were similarly fixed and embedded in Araldite. The frozen sections that had previously been immunostained with RAM-11 were also dipped in NTB-2 emulsion as described above but were only incubated for 1-2 weeks at 4°C. The sections were developed in D-19 developer (Kodak, diluted 50:50 with water) at 4°C for 5 minutes, stopped in 0.1N acetic acid for 1 minute, and fixed in 30% Na2S2O 3 for 5 minutes. 13 All of the light microscopic autoradiograms of the plastic-embedded tissue were counterstained with methylene blue plus basic fuchsin.
14 Thin sections (approximately 800 A) were cut from the same osmium-treated tissue with an ultramicrotome (LKB, Piscataway, N J.) and placed on Formvar-coated copper grids (12 grids per tissue block). The grids were counterstained with uranyl acetate and lead citrate and prescreened under the transmission EM (JEOL 100B TEM). The grids were then carbon-coated and covered with a monolayer of L-4 autoradiographic emulsion (Ilford) (10 ml emulsion plus 15 ml distilled water) using a platinum loop. 13 The emulsion-coated grids were placed on glass slides and incubated in light-tight boxes at 4°C for 8-10 weeks. The grids were developed in filtered D-19 developer (nondiluted) at 18-20°C for 3.5 minutes, stopped in distilled water for 30 seconds, and fixed in 30% Na^Oa for 3 minutes.
Analysis of the Distribution of Silver Grains by Light Microscopy
Both the 1-fim plastic-section autoradiograms and the immunostained frozen-section autoradiograms were analyzed for the distribution of silver grains independently by two observers. For each section, the general appearance of the lesion was recorded (e.g., "fatty streak consisting of 10 cell layers of predominantly foam cells"), and the overall distribution of grains was noted, with the internal elastic lamina used as the gauge for depth of penetration of the grains. In the immunostained autoradiograms, the distribution of grains relative to the position of immunoreactive macrophages was noted. Representative examples of the distribution of the grains in lesions of differing stages of development were photographed with a Nikon Microphot-X photomicroscope (Nikon, Inc.).
Quantification of the Distribution of Silver Grains by Electron Microscopy
Approximately 30 electron photomicrographs each (x 7,000 magnification) were taken of an early fatty streak in the arch or thoracic and abdominal aortas of two young animals with a JEOL 100B TEM at 30 kV. These 30 photomicrographs covered each entire lesion and included portions of the media and small areas of nonlesioned artery adjacent to the lesion on both sides. The photomicrographs were taken systematically from the two best grids (chosen from a total of 12 generated from each block, based on visibility through the grid mesh, image clarity, and lack of drying artifact), moving from the lumen in the upper left of each field across the superficial portions of the lesion and then from the right across the deeper portions of the lesion. Because the TEM was not equipped with a motorized stepping stage, an attempt was made visually to avoid any overlap of consecutive fields. Six to 10 photomicrographs of adjacent areas that did not contain any lesion were taken for each level of the artery. A nonlesioned area was defined as an intima devoid of macrophages or any lipidcontaining cells or an intima that did not contain more than one layer of smooth muscle cells. These photomicrographs constituted the internal control images for each level of the aorta studied.
The negative for each electron photomicrograph was placed on a light box, and the image was digitized into a Zenith 241 computer (Zenith Data Systems, St. Joseph, Mich.) containing a PC Vision video acquisition board (Imaging Technology, Inc., Woburn, Mass.) with a Dage-MTI video camera (model 65, Dage, Inc., Michigan City, Ind.) fitted with a 25-100-mm zoom lens (Canon Inc.). The digitized images were then stored on disk for later analysis. Each lesion was divided into the superficial compartment (that area containing the endothelium and up to three underlying cell layers) and the deeper compartment (that area beneath the first three cell layers continuing down to the internal elastic lamina. In a very few cases, several cell layers of the media were included when lipid-containing cells were observed in the media.)
The images were analyzed with the IMAGEMEASURE software package (Microscience Inc., Federal Way, Wash.). In each image the number and cross-sectional surface areas of macrophages, smooth muscle cells, and endothelial cells were measured by using a mouse and a digitizing tablet (GTCO Corp., Rockville, Md.). The area of the entire image was also measured, and the area of the extracellular matrix was calculated by subtraction. Next, the total number of silver grains over each cell type or matrix was counted. In cases where the grains overlapped two different compartments (<1.0% of the total grains), they were excluded from the sample. The number of grains in the lumen was counted for each photomicrograph and averaged over all the photomicrographs. This value was then subtracted as background from the total matrix-associated grains (average was 2 grains/467 /tin 2 ).
Cell types were defined by morphological criteria. Cells were designated as smooth muscle cells when they exhibited an elongate shape, cytoplasmic myofilaments, dense bodies, and a surrounding basement membrane. 15 Macrophages were distinguished from smooth muscle cells by their numerous lamellipodia, absence of a basal lamina, and a large number of cytoplasmic dense bodies representative of primary and secondary lysosomes. In cases where morphological details were obscured, such as with large foam cells, the pattern of lipid deposition was used to help distinguish the cell type. In most cases, macrophages contain lipid in membrane-bound lysosomes and non-membrane-bound lipid droplets, whereas smooth muscle cells primarily contain discrete rows of non-membrane-bound lipid droplets. These distinctions were verified by EM immunocytochemistry with monoclonal antibodies RAM-11 and HHF-35, a muscle actin-specific antibody 16 (data not shown).
Results
Grain Distribution: Low Resolution
The animals used in this study ranged in age from 2 months to 42 months, and the atherosclerotic lesions included in the sample varied from very early fatty streaks, consisting only of several layers of macrophagederived foam cells (Figure 1) , to advanced atheroma containing many cell layers of both smooth muscle cells and macrophages, extensive deposition of connective tissue, and a well-defined necrotic core ( Figure 6 ).
In the early fatty streaks (Figure 1 ), the labeling pattern was generally uniform, with pockets of heavier labeling associated with the subendothelial macrophagederived foam cells (Figure 2A) or occasionally with the extracellular matrix between foam cells ( Figure 2B ). Concentrations of silver grains above background were rarely evident within the media. To further verify that the labeling was associated with the macrophage component of the fatty streaks, autoradiograms were generated by using sections previously immunostained with a macrophage-specific monoclonal antibody ( Figure  3) . 12 In all cases, the silver grains were predominantly situated over the area of immunostaining.
In the more advanced fatty streaks and transitional lesions containing multiple layers of macrophage-derived foam cells interspersed with smooth muscle cells and connective tissue, the distribution of silver grains was similar to that in the early fatty streak. The majority of the grains were superficially located, primarily associated with the subendothelial macrophage-derived foam cells (Figure 4) . In most cases, there was lighter labeling of subendothelial cells situated over the center of the lesion compared with foam cells situated within the lateral margins of the lesions ( Figure 5) .
In more advanced lesions that contained areas of reduced cellularity that appeared to be rich in connective tissue (fibrous cap-like area) and an acellular, lipid-rich necrotic core, the silver grains were again primarily associated with the subendothelial foam cells in the lateral margins of the lesions ( Figure 6 ) and/or with the limited volume of matrix found between the foam cells. The connective tissue-rich and core regions contained few silver grains, and the connective tissuerich areas appeared to constitute a penetration barrier in a fashion similar to the internal elastic lamina. Tables 1 and 2 show the results of the morphometric quantification of the distribution of silver grains in electron photomicrographic autoradiograms of focal fatty streaks and adjacent nonlesioned areas from two young WHHL rabbits. In addition, these tables also contain data on the relative volume per cell and the percentage of the entire volume of each lesion occupied by macrophages, smooth muscle cells, endothelial cells, and extracellular matrix. Focal fatty streaks as opposed to advanced atheroma were chosen for this morphometric analysis because the entire lesions could be included on individual copper grids and the lesions systematically photographed.
In support of the low-resolution analysis of the distribution of silver grains in early fatty streaks, these data demonstrate that for the lesions from both the 3.5-and 2.0-month-old animals (Tables 1 and 2 , respectively), macrophages contained the most silver grains per cell (Figures 7 and 8 ) and accounted for the highest percentage of the total grains compared with smooth muscle cells (Figure 9 ), endothelial cells (Figures 8 and  10 ), or the extracellular matrix (Figures 9 and 10 ) in the arch and thoracic aorta. In the lesions in the abdominal aortas from both animals, the macrophages contained approximately the same percentage of the total grains as did the extracellular matrix. In many cases, matrixassociated grains were observed in tight clusters in pockets of matrix situated between cells of the fatty streaks ( Figure 10 ). Interestingly, although the endothelium contained only a few grains per cell, when normalized to the number of grains per square micron of cross-sectional surface area, the endothelium exhibited the highest activity (Figures 8 and 10) . In all cases, the smooth muscle cells contained the fewest silver grains on a per-cell or surface-area basis but contained more than the endothelium as a percentage of the total grains ( Figure 9 ). There was little difference in the activity per cell between lesions in the arch versus the abdominal aorta, the thoracic versus abdominal aorta in the two animals, or in the activity exhibited by the cells in one animal compared with the other.
When the distribution of grains was analyzed as a function of the depth in the lesions, approximately 90% or more of the grains were situated within the first three cell layers in the thoracic and abdominal aortas. In the aortic arch more of the grains associated with smooth muscle cells and matrix were located below the first three cell layers.
In the adjacent areas that did not contain lesions, the majority of the silver grains were located over the matrix and smooth muscle compartments, with slightly more associated with the matrix than the smooth muscle cells. Because there were always many more grains situated over the lesioned than nonlesioned areas, in most cases the number of grains per cell or per square micron of surface area was greater in the lesions than the adjacent normal artery for both the smooth muscle and matrix compartments.
FIGURE 2. Light microscopic autoradiograms showing the association of 125 I-tyramine cellobiose-low density lipoprotein with subendothelial macrophage-derived foam cells (panel A) and the extracellular matrix between macrophage-derived foam cells (panel B) in early fatty streaks from the abdominal aorta of a 3.5-month-old Watanabe heritable hyperlipidemic rabbit. L, lumen; IEL, internal elastic lamina; MFC, macrophage-derived foam cell Bar=10 pm.
In all of the fatty streaks, the cellular volume of the macrophages was two to three times greater than that for the smooth muscle cells and five-to sixfold greater than that for the endothelial cells, possibly reflecting differences in their lipid content. The macrophages accounted for 30-40% of the entire volume of each lesion while the smooth muscle cells occupied approximately 20% of the lesion volume. The endothelium accounted for only 1-2% of the volume and the matrix between 38% and 48% of the entire volume of the fatty streaks. In the nonlesion areas, the smooth muscle cells accounted for between 26% and 46% of the volume of the media, with the matrix occupying between 53% and 68% and the endothelium only 1-4% of the medial volume.
Discussion
The present use of a trapped ligand probe with very high specific activity enabled us to generate electron photomicrographic autoradiograms that show the distribution of both intact and degraded LDL in the lesions. There have been several previous studies of the distribution of labeled cholesterol either administered directIyi7,i8 o r a s cholesteryl ether, 19 similar distribution of the label in atherosclerotic lesions. However, because the cholesterol or cholesteryl ether distributes among all of the plasma lipoprotein classes (very low density lipoprotein, LDL, and high density lipoprotein) after injection, these studies could not attribute the source of the accumulated cholesterol to LDL or even to apoprotein (apo) B-containing lipoproteins. In the present study, the use of the TC trapped ligand covalently bound to the nonexchangeable protein moiety of LDL overcomes this difficulty and allows us to attribute the autoradiographic grains to LDL or its degradation products. This is the first report of quantitative, high-resolution data using this approach. Immunocytochemical studies of the distribution of apo B in fatty streaks and advanced atherosclerotic lesions 20 -26 have demonstrated an inverse relation between the location of macrophages and immunoreactive intact apo B. This may be so because macrophages rapidly degrade the apoprotein after uptake of LDL into the artery. Despite the relative paucity of immunoreactive apo B in macrophage-rich areas, the present results strongly indicate that the subendothelial macrophages play a particularly prominent role in degrading newly entered LDL.
The present data demonstrate that the majority of the administered TC-LDL entering the artery wall and taken up by cells was accounted for by superficial macrophages in both fatty streaks and more advanced atherosclerotic lesions. Studies of macrophages in vitro indicate that macrophages do not take up native LDL at rates sufficient to form foam cells. 27 However, macrophages rapidly accumulate LDL that has undergone one of several types of modification, such as oxidation 28 or acetylation. 29 It seems likely that this uptake occurs via scavenger receptor-and/or oxidized LDL receptordependent mechanisms. 30 Cells within macrophage-rich human fatty streaks express the scavenger receptor, 31 -32 and maefephage-derived foam cells isolated from ballooned, cholesterol-fed rabbits specifically bind and degrade acetylated LDL as well as oxidized LDL. 33 Additional studies from this laboratory have also provided evidence that a large fraction of the LDL taken up and degraded by macrophages in WHHL rabbits in vivo has previously undergone oxidative modification. 10 In that study it was shown that antioxidant treatment of the 
TABLE 1. Quantification of Electron Microscopic Antoradiograms of Early Fatty Streaks From a 3.5 -Montfa-Old WHHL Rabbit
Macrophages (24) Smooth muscle (28) Endothelium (10) Matrix (30) Smooth muscle (10) Endothelium (5) Matrix (10) Macrophages (25) Smooth muscle (29) Endothelium (10) Matrix (31) Smooth muscle (6) Endothelium (6) Matrix (6) Grains/cell accumulated degradation products at 48 hours after injection of the doubly labeled LDL. While not reported explicitly in the earlier paper, 10 the raw data indicated that about one half of the LDL radioactivity in lesions was present as undegraded LDL (LDL containing both isotopic labels) and one half as degradation products (excess 125 I-TC over that accounted for by intact labeled LDL). Specifically, in 9-month-old WHHL rabbits not treated with the probucol, they found accumulated degradation products to be 46.2±3.2%, 56.5±6.7%, and not yet fused with primary lysosomes. In cultured cells incubated with native LDL in vitro, this "in transit pool" would be expected to be a small percentage of the total amount of LDL internalized and degraded over a 44-hour period, comparable with the duration of our in vivo studies. However, there are at least two reports that the apoproteins of oxidized LDL may be degraded FIGURE 10 . 34 Thus, in vivo, if LDL needs to be oxidized before it can be recognized and taken up by scavenger receptors into arterial macrophages, there may be a relatively much larger pool of intracellular LDL that has not undergone complete degradation. In the present study, intracellular autoradiographic grains accounted for 53-75% of total grains observed (Tables  1 and 2 ), slightly in excess of the estimate of accumulated labeled degradation products determined by the dual-isotope method in the previous study. 10 If we assume that we can directly compare the quantitative results of the two studies, this would suggest that the majority of intracellular grains probably represented trapped degradation products of I-TC-LDL but that 10-33% of the intracellular grains may be still associated with intact LDL.
Although the endothelium contained a very small percentage of the total silver grains, when normalized to cross-sectional surface area the endothelium exhibited the greatest activity per unit volume of all of the compartments analyzed. These results are consonant with the previous results of Carew et al, n which showed that the endothelium was responsible for a disproportionalry high percentage of the degradation occurring in the aortas of normolipidemic, nonatherosclerotic rabbits (where there are no macrophages to contribute to degradation). As endothelial cells also exhibit scavenger receptor activity, 35 the high specific activity observed in the endothelium over lesions may also reflect accumulation of modified forms of LDL. However, this could also represent native LDL being transcytosed across the endothelium via a bulk-phase mechanism, as has been demonstrated in cholesterol-fed rabbits for the transcytosis of /J-very low density lipoprotein. 36 Recent data suggest that activated rabbit smooth muscle cells in vitro express the scavenger receptor. 37 Thus, the accumulation of LDL by smooth muscle cells in the WHHL rabbit may also be dependent on LDL modification and may occur via the scavenger and/or oxidized LDL receptors. However, smooth muscle foam cell formation appears to occur relatively slowly in comparison with the formation of macrophage-derived foam cells, 38 -39 which may indicate that there are significant differences in both the degree and timing of expression of the scavenger receptor in these two cell types. Our current data, which show that smooth muscle cells contained a relatively small percentage of the silver grains, are consistent with the lack of LDL. receptors and a low level of expression of the scavenger receptor in smooth muscle cells in fatty streaks of the WHHL rabbit.
The large percentage of the silver grains associated with the extracellular matrix presumably represents intact LDL that is either traversing the extracellular space or has become "trapped" by complexing with matrix elements such as proteoglycans. 40 The majority of the TC label should remain trapped within cells. But if the cellular trapping of the TC-LDL is less than complete, some LDL degradation products may have escaped the cells and also escaped elution during tissue preparation. However, the cellular trapping of TClabeled degradation products is sufficiently efficient so that cellular degradation products should constitute a small proportion of the total. The formation of LDLmatrix complexes may play an important role in the atherogenic process by increasing the residence time of the LDL. 41 - 42 This, in turn, could increase the potential for oxidation to occur and facilitate uptake by macrophages via the scavenger or oxidized LDL receptors. 30 
